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Abstract: Objective: To compare the effect of sevoflurane and total intravenous anesthesia (TIVA) on anesthesia 
induction, maintenance and postoperative recovery in patients receiving cardiac surgeries. Methods: Overall, 80 
patients admitted in our hospital to receive cardiac surgery between January 2015 and January 2017 were enrolled 
in our study. They were randomized into the sevoflurane anesthesia (SA) group (n=40) and the total intravenous 
anesthesia (TIVA) group (n=40) in terms of a random number table. Between the two groups, anesthesia induction 
parameters including time to pain-free, loss of eyelash reflex and intubation; anesthesia maintenance parameters 
including cardiopulmonary bypass time, anesthesia time, operation time, intraoperative mean arterial pressure 
(MAP), heart rate (HR) and blood oxygen saturation (SpO2), the total dosage of vasoactive agents (dopamine and 
nitroprusside) and urine volume; other postoperative outcomes including length of hospital stay, adverse reac-
tions, complications and return of spontaneous heartbeat were compared. Results: The time to pain-free, loss 
of eyelash reflex and intubation in the SA group were strikingly shorter than those in the TIVA group (P=0.031, 
P=0.045, P=0.016). MAP before intubation and HR before intubation, immediately and 3min after intubation were 
observed to be lower in the SA group (P=0.023, P=0.033, P=0.025, P=0.036). The time for cardiopulmonary bypass 
(CPB), anesthesia and operation were significantly shorter (P=0.031, P=0.018, P=0.017), urine volume was more 
(P=0.009), and length of hospital stay was shorter (P=0.022) in the SA group than in the TIVA group. Besides, a 
lower rate of return of spontaneous heartbeat was also observed in the SA group (27.5%, 11/40) as compared with 
that of the TIVA group (80.0%, 32/40; P<0.001). Between the groups, no statistical differences were found in the 
incidences of postoperative adverse reactions and complications (P>0.05). Conclusion: Sevoflurane anesthesia re-
quires shorter time for anesthesia induction and maintenance, and it improves the postoperative body rehabilitation 
in patients undergoing cardiac surgery as compared with total intravenous anesthesia.
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Introduction

Total intravenous anesthesia (TIVA) is associ-
ated with reduced air pollution in the operation 
room and lower incidences of nausea and vom-
iting [1]. With the use of novel intravenous 
anesthesia including remifentanil and propofol 
anesthesia, and analgesic drugs, along with  
the development of computer-assisted target- 
controlled infusion, TIVA has been used more 
extensively. However, TIVA is expensive and 
may provoke significant postoperative pain. 
Sevoflurane, a new halogen inhaled anesthetic, 
has the advantages of rapid induction, quick 
recovery, easy adjustment of anesthesia depth, 
less inhibition of circulation and less irritation 

of the respiratory tract [2]. In addition, sevoflu-
rane sells at a lower price; therefore it is more 
widely used in the clinical settings. In the past, 
medical scholars compared the effects of sevo-
flurane inhaled anesthesia and propofol intra-
venous anesthesia and found that the former 
had more excellent controllability than the lat-
ter [3].

Currently, frequently-employed anesthesia te- 
chniques are as follows: first, total intravenous 
anesthesia; second, intravenous induction and 
inhalation maintenance; third, total inhalation 
anesthesia including maintenance and induc-
tion of inhalation. Although each technique has 
both advantages and disadvantages, all require 
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rapid induction of anesthesia, simple and con-
venient operation, easy management, faster 
and higher-quality recovery, cheaper price, as 
well as more acceptability for patients and their 
families. During the treatment of myocardial 
ischemia caused by seriously-damaged coro-
nary artery ischemia, on-pump coronary artery 
surgery is a common clinical technique. Inhaled 
anesthetics have good anesthetic and myocar-
dial protective effects [4]. In the present study, 
we compared the effects of sevoflurane and 
total intravenous anesthesia in cardiac surgery, 
and found that sevoflurane anesthesia had a 
more positive effect on the patients’ myocardi-
um recovery and postoperative recovery of the 
body, effectively shortened the patients’ time 
to pain-free, loss of eyelash reflex, intubation 
and length of hospital stay; maintained their 
hemodynamics stable, shortened their time for 
cardiopulmonary bypass (CPB), anesthesia and 
operation, increased their urine volume, and 
reduced their rates of return of spontaneous 
heartbeat, as reported below.

Materials and methods

General data

A total of 80 patients undergoing cardiac sur-
gery in our hospital from January 2015 to 
January 2017 were included in the present 
study which was approved by the Ethical 
Committee of our hospital. The inclusion crite-
ria were all patients had normal renal and 
hepatic functions, had cardiac surgical indica-
tions, were informed of and signed the informed 
written consents. The patients were excluded if 
they had infection, renal and hepatic dysfunc-
tion, allergy to anesthetic agents, psychological 
disorders and mental diseases or failed to com-
pliance with physicians’ orders due to the lack 
of a clear awareness. The patients were ran-
domized by a random number table into the 
sevoflurane anesthesia (SA) group (n=40) and 
the total intravenous anesthesia (TIVA) group 
(n=40). Only anesthesiologists and data record-
ers were aware of group randomization and the 
modalities of anesthesia.

Methods

All the surgeries in this study were performed 
by the same group of surgeons and anesthesi-
ologists. After 8 hours of routine preoperative 
fasting, the patient entered the operation room 

and was connected with multi-functional el- 
ectrocardiogram for continuous monitoring of 
electrocardiogram and arterial oxygen satura-
tion. With the patient under local anesthesia, a 
20G puncture needle was inserted into the left 
radial artery for monitoring blood pressure. 
Then a 7F catheter was punctured into the 
patient’s right internal jugular vein, followed by 
infusion of acetated Ringer’s solution at 20 ml/
kg/h. After that, a rapid-sequence induction of 
anesthesia underwent in the patients, includ-
ing intravenous bolus infusion of midazolam at 
0.05 mg/kg, etomidate at 0.3 mg/kg, sufent-
anil at 0.5 µg/kg, and vecuronium at 1 mg/kg. 
After placement of endotracheal tube and  
connection with the anesthesia machine, the 
patient received intermittent positive pressure 
ventilation, with the tidal volume at 6-8 ml/kg, 
respiratory frequency at 12 times/min, the air/
oxygen ratio of 30%/70%, the positive end expi-
ratory pressure at 4-6 cm H2O, and the end-
tidal CO2 concentration at 35-45 mmHg. Con- 
tinuous pumping of sufentanil at 0.3-0.5 µg/
kg/h and dexmedetomidine at 0.5 µg/kg/h 
and intermittent injection of vecuronium were 
conducted. The end-expiratory sevoflurane con- 
centrations of the patients in the SA group 
increased to 1-1.5 MAC by adjusting the sevo-
flurane volatile tank whereas those in the TIVA 
group received propofol at 5-10 mg/kg/h. The 
volatile tanks for all the patients in the SA group 
were closed within half an hour before comple-
tion of the surgery. Following that, the cerebral 
bispectral index (BIS) was used to monitor the 
depth of anesthesia, and the BIS value main-
tained at 40-50. Nasopharyngeal and bladder 
probes are used to monitor the body tempera-
ture. In addition, hemodynamic stability was 
maintained during the operation by using vaso-
active drugs (dopamine or nitroglycerin) or by 
changing the body positions.

Outcome measures

Primary outcomes were as follows: first, the 
time to pain-free, loss of eyelash reflex and 
intubation, as well as the total dosage of dopa-
mine and of nitroprusside; second, the mean 
arterial pressure (MAP), heart rate and arte- 
rial oxygen saturation (SpO2) before and after 
induction, immediately and 3min after intu- 
bation.

Secondary primary outcomes included CPB 
time, anesthesia time, operation time, urine 
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volume and length of hospital stay, adverse 
reactions, complications and return of sponta-
neous heartbeat.

Statistical analysis

Statistical analysis was performed with the use 
of the software SPSS, version 20.0. The count 
data including adverse reactions, complica-
tions and return of spontaneous heartbeat of 
the two groups were expressed as rates (%), 
and comparison between the two groups was 
conducted with the use of the χ2 test. The mea-
surement data including the time to pain-free, 
loss of eyelash reflex and intubation, the total 
dosage of dopamine and of nitroprusside, the 
CPB time, anesthesia time, operation time, 
urine volume and hospitalization were expr- 
essed as mean ± standard deviation (

_
x ±s) and 

comparison between the two was made with 
the student’s t-test. MAP, HR and SpO2 at di- 
verse time points were compared by repeated 
measures analysis of variance (ANOVA). A P 
value less than 0.05 was considered to be sta-
tistically significantly different.

Results

General data of the patients in the two groups

The general data between the two groups 
showed no statistically significant difference 
(P>0.05, Table 1).

Time to pain-free, loss of eyelash reflex and 
intubation, the total dosage of dopamine and 
of nitroprusside of the two groups (

_
x ±s)

The patients in the SA group showed signifi-
cantly shorter time to pain-free, loss of eyelash 
reflex and intubation than those in the TIVA 
group (P<0.05), but the differences in the to- 
tal dosage of dopamine and of nitroprusside 
between the two groups were not significant 
(P>0.05, Table 2).

Changes in MAP, HR, SpO2 at diverse time 
points of the patients between the two groups

In the TIVA group, MAP and HR before intuba-
tion were lower than those before induction 
(P<0.05), but SpO2 before intubation was not 
different from that before induction (P>0.05). 
Moreover, no significant difference was obse- 
rved in the changes in MAP, HR and SpO2 before 
induction, immediately and 3min after intuba-
tion in the TIVA group (P>0.05). Similarly, the 
MAP, HR and SpO2 before induction, before 
intubation, immediately and 3min after intuba-
tion were not significantly different in the SA 
group, either (P>0.05). The MAP, HR and SpO2 
before induction between the two groups had 
no differences (P>0.05). MAP was higher in the 
SA group before intubation (P<0.05), but it  
was not significantly different from the TIVA 
group immediately and 3min after intubation 
(P>0.05). Before intubation, immediately and 

Table 1. Comparison of general data between the two groups

Group Case
Gender

Age (year) BMI
NYHA functional class

Male Female I II III IV
SA 40 21 (52.5) 19 (47.5) 56.7±7.6 63.2±10.4 2 24 12 2
TIVA 40 20 (50.0) 20 (50.0) 54.3±7.4 63.6±10.6 3 22 14 1
t/χ2 2.71 1.886 1.638 1.432
P 0.125 0.136 0.220 0.326

Table 2. The time to pain-free, loss of eyelash reflex and intubation, the total dosage of dopamine and 
of nitroprusside of the two groups (

_
x ±s)

Group Case Time to  
pain-free (s)

Loss of eyelash 
reflex (s) Intubation (s) Total dopamine (mg) Total nitroprusside (mg)

SA 40 63.0±5.0 49.7±8.4 88.3±23.7 25.3±4.2 11.8±4.7
TIVA 40 76.0±4.8* 71.2±9.7* 162.4±21.6* 21.1±2.5 14.6±5.3
t 3.249 2.902 4.002 -1.488 0.685
P 0.031 0.045 0.016 0.211 0.531
Note: *P<0.05 for comparison with the TIVA group.
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3min after intubation, HRs were higher in the 
SA group than those in the TIVA group (all 
P<0.05), but no significant differences were 
found in SpO2 between the two groups (all 
P>0.05, Table 3).

Comparison of the time for CPB, anesthesia, 
operation and hospitalization as well as urine 
volume between the two groups

As compared with the TIVA group, the SA group 
had shorter time for CPB, anesthesia and  
operation (P<0.05), significantly more urine vol-
ume (P<0.05), but shorter hospitalization time 
(P<0.05, Table 4).

Comparison of adverse reactions, and return 
of spontaneous heartbeat between the two 
groups

The rate of return of spontaneous heartbeat 
was higher in the SA group (80.0%, 32/40) than 
in the TIVA group (27.5.0%, 11/40; P<0.05). 
However, the total incidences of adverse events 

system [5]. Fang reported that the changes in 
heart rate and blood pressure at different time 
points were smaller in the SA groups than in the 
propofol TIVA group, suggesting that sevoflu-
rane had little influence on the hemodynamics 
of the patients with heart operation [6]. The 
result was consistent with the smaller changes 
in MAP, HR and SpO2 in the process of sevoflu-
rane anesthesia induction in our present study. 
Besides, Fan et al. reported that the total dos-
age of dopamine and nitroprusside, urine vol-
ume and length of hospital stay were (21.1±7.5) 
mg, (14.6±5.3) mg, (1211±313) mL, (8.6±5.1) 
d, respectively, in the patients undergoing heart 
operations with sevoflurane induced anesthe-
sia, and (25.3±8.2) mg, (11.8±4.7) mg, 
(806±295) mL, (11.0±6.2) d in the patients 
with total intravenous anesthesia, which were 
significantly inferior to those of the former 
group [7]. Moreover, the findings of Özarslan et 
al. also demonstrated that during the coronary 
artery bypass grafting, sevoflurane had an 
inhibitory effect on the microcirculation and the 

Table 3. Changes of MAP, HR and SpO2 of the patients in the two groups 
at different time points (

_
x ±s)

Group Case Time MAP  
(mmHg)

HR  
(Time/min) SpO2 (%)

SA 40 Before Induction 11.7±1.4 112.2±21.4 98.1±0.5
Before intubation 10.7±2.0* 109.7±18.4* 98.4±0.2
Immediately after intubation 11.4±2.2 115.3±16.7* 99.5±0.5
3min after intubation 11.7±2.0 112.8±19.1* 99.0±0.1

TIVA 40 Before Induction 11.1±1.7 115.7±18.3 98.4±0.6
Before intubation 7.8±2.1# 95.3±17.5# 98.2±0.4
Immediately after intubation 11.2±1.4 105.5±17.5 99.3±0.6
3min after intubation 11.6±1.8 103.7±20.2 99.2±0.2

F 12.325 10.236 0.154
P <0.05 <0.05 >0.05
Note: #P<0.05 for comparison within the same group before induction; *P<0.05 for com-
parison with the TIVA group.

Table 4. Comparison of the time for CPB, anesthesia, operation and 
hospitalization as well as urine volume between the two groups

Group Case CPB (min) Anesthe-
sia (min)

Operation  
(min)

Urine  
volume (ml)

Hospitalization 
(d)

SA 40 58.9±4.6 35.8±3.5 119.5±7.3 806±95 12.0±1.2
TIVA 40 72.0±5.2* 48.3±4.4* 144.4±8.1* 1211±113* 8.6±1.1*

t 3.268 3.851 3.955 4.752 -3.618
P 0.031 0.018 0.017 0.009 0.022
Note: *P<0.05 for comparison with the TIVA group.

and complications in the 
two groups were 22.5% 
(9/40), 20.0% (8/40), re- 
spectively, and the dif-
ference was not statisti-
cally significant (P>0.05, 
Table 5).

Complications of pa-
tients in the two groups

The incidence of compli-
cations was not signifi-
cantly different between 
the SA group and the 
TIVA group (P>0.05, Ta- 
ble 6).

Discussion

Sevoflurane, a novel hal-
ogen inhalation anesth- 
etic drug, is advantage- 
ous in fewer respiratory 
and circulatory impact, 
and better controllabili-
ty. Characteristic of ste- 
ady induction and no ex- 
citatory phases, sevoflu-
rane has fewer impacts 
on the cardiovascular 
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effect of inhalation anesthetics on microcircu-
lation was eliminated within 24 hours after the 
surgery [8]. In contrast, the rapidly increased 
concentration of anesthetic in total intrave-
nous anesthesia irritated the sympathetic 
nerves, increasing the patient’s heart rate and 
blood pressure [9]. These results are in accord 
with the results of our study.

Liu’s and other studies have demonstrated that 
sevoflurane can significantly reduce the myo-
cardial ischemia-reperfusion injury after CPB 
[10]. Sivanna et al. have proven that sevoflu-
rane exerts better myocardial protection for the 
patients who received the off-pump coronary 
artery bypass grafting surgery [11]. Zhu et al. 
have argued that desflurane has myocardial 
protection against early ischemia-reperfusion 
injury after CPB [12]. The possible mechanisms 
include first, sevoflurane decreases coronary 
vascular resistance, leading to increased coro-
nary blood flow and reduced myocardial oxygen 
consumption; second, sevoflurane can effec-
tively prevent or reduce the incidence of arr- 
hythmia, providing myocardial protection and 
improvements in heart functions. As far as 
molecular mechanisms are concerned, studies 
have shown that the signal transduction pro-
cess of sevoflurane involves the complex sig-
nals of promoters and effectors, as well as  
the signal transduction mediators, among 
which the most promising promoters are nitric 
oxide and reactive oxygen species [13-17]. 

cant reductions in the release of cardiac tropo-
nin, relieved ischemia-reperfusion injuries and 
shorter hospital stay, which is consistent with 
the finding in our study that the patients with 
sevoflurane had markedly shorter hospital stay 
than those with total intravenous anesthesia 
[18].

The Meta-analysis by Landoni et al. indicated 
that sevoflurane significantly improved compli-
cations and adverse effects and decreased 
mortality in patients with TIVA [19]. Chikada et 
al. have demonstrated that sevoflurane anes-
thesia does not cause significant adverse reac-
tions and complications, and has good control-
lability [20]. Our study also showed that the 
patients in the SA group had significant reduc-
tions in restlessness, cough, breath holding 
and other complications, but myocardial infa- 
rction, atrial fibrillation, mortality and other 
adverse reactions were not significant different 
as compared with those in the TIVA group. The 
possible reason is that the initial cardiac mor-
bidity and severity of the patients are directly 
related to the mortality.

Sevoflurane, whose blood/gas and oil/gas par-
tition coefficients were 0.63 and 53.90, respec-
tively, has a rapid process of induction and 
recovery and adjustable depth of anesthesia 
[21-23]. Zhang et al. found that the patients 
with sevoflurane had strikingly shorter time to 
pain-free, loss of eyelash reflex and intubation, 

Table 5. Comparison of adverse events and cardiac rate of return of spon-
taneous heartbeat between the two groups (n, %)

Group Case
Adverse events

Rate of return of  
spontaneous heartbeatRestlessness Cough Breath  

holding
Total  

incidence
SA 40 4 (10.0) 3 (7.5) 2 (5.0) 9 (22.5) 32 (80.0)
TIVA 40 3 (7.5) 5 (12.5) 0 (0) 8 (20.0) 11 (27.5)*

χ2 0.75 22.175
P 0.785 <0.001
Note: *P<0.05 for comparison with the TIVA group.

Table 6. Comparison of complications between the two groups (n, %)

Group Case
Complication

Myocardial infarction Atrial fibrillation Mortality Total incidence
SA 40 1 (2.5) 2 (5) 0 (0) 3 (7.5)
TIVA 40 2 (5) 1 (2.5) 0 (0) 3 (7.5)
χ2 0.000
P 1.00

Sevoflurane is highly 
lipid soluble, so it can 
transport mitochond- 
rial electron to chain 
complexes I-nicotin- 
amide adenine dinu- 
cleotide through cells 
and mitochondrial me- 
mbranes, thereby in- 
hibiting oxidoreducta- 
se, promoting the ge- 
neration of reactive 
oxygen species and pr- 
ovoking electron leak- 
age.

According to De Hert 
et al., in the patients 
undergoing coronary 
artery transplantati- 
on, sevoflurane is as- 
sociated with signifi-



Sevoflurane versus total intravenous anesthesia

13744 Int J Clin Exp Med 2017;10(9):13739-13745

which was consistent with the result of our 
study [24].

In conclusion, sevoflurane anesthesia is more 
effective than total intravenous anesthesia in 
protecting myocardium in patients undergoing 
cardiac surgery and improving postoperative 
recovery of the patients.
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